Objective: In the Republic of Kazakhstan, located in central Asia, the traditional diet consists mainly of meat, and vegetable intake tends to be deficient. This eating lifestyle may contribute to folate deficiency, which is closely linked to abnormal homocysteine (HCY) metabolism. Subjects and methods: In order to evaluate current folate status in the healthy Kazakh population, we screened serum folate and plasma HCY in 50 healthy Kazakh adults aged 20-65 years (KZH) and 60 healthy Japanese control subjects aged 27-65 years (JPN). Results: Serum levels of folate were significantly lower in KZH than in JPN (3.1 vs 10.0 ng/ml, Po0.01). Fifty of 61 (82.0%) subjects in KZH but none in JPN showed low concentrations of folate (o3.6 ng/ml). Plasma levels of HCY were significantly higher in KZH than in JPN (13.2 vs 7.8 nmol/ml, Po0.01). Conclusions: Our findings strongly suggest that owing to the insufficient intake of vegetables, folate deficiency exists in Kazakhstan. Furthermore, hyperhomocysteinemia was observed in this group, probably owing to the secondary effects of folate deficiency.
Introduction
Recently, awareness of the health benefits of folate intake has considerably increased; research has shown that insufficient levels of this vitamin may contribute to neural tube defects such as spina bifida, Down syndrome and cardiovascular diseases (James et al., 1999) . Folate and vitamin B12 (VB12) have interdependent roles in nucleic acid synthesis and are also involved in homocysteine (HCY) metabolism (Lucock et al., 2000) . Folate plays a role in the transfer of methyl groups and is therefore important in DNA and RNA synthesis and amino-acid metabolism. Also, it is well known that folate and VB12 influence HCY metabolism as cosubstrate and cofactor, respectively (Bolander-Gouaille et al., 2000) . HCY is derived from the essential amino-acid methionine. It may be retroconverted to methionine through VB12-and folate-dependent pathways or degraded via a vitamin B6-dependent route (Bolander-Gouaille et al., 2000) . Folate status appears to be the main determinant of the plasma HCY concentration (Fallest-Strobl et al., 1997) . Currently, on the basis of epidemiological studies, hyperhomocysteinemia is considered to be a novel and independent risk factor for atherosclerosis and resulting cardiovascular diseases, and this risk is likely to increase with increasing plasma HCY without a clear threshold (Boushey et al., 1995; Graham et al., 1997) . It has been shown that plasma HCY can be lowered substantially by folic acid supplementation both in healthy subjects (Bronstrup et al., 1998) and in patients with hyperhomocysteinemia (Brouwer et al., 1999; Vermeulen et al., 2000; van Oort et al., 2003) .
As humans cannot synthesize folate, it should be obtained only from dietary sources such as green vegetables and citrus fruit (Lucock et al., 2000) . In the Republic of Kazakhstan, which is located in central Asia, as the cultural roots of the Kazakh people (60% of the population) are nomadic, the traditional food is mainly meat, such as mutton and beef, and vegetable intake tends to be deficient. Although this eating pattern may contribute to folate deficiency and consequently to abnormal HCY metabolism, little attention has been paid to the evaluation of folate metabolism in Kazakhstan. In this communication, we evaluated the current status of folate and HCY in Kazakhstan in order to predict the risk of congenital anomalies and cardiovascular disease owing to abnormal HCY metabolism.
Materials and methods
We collected blood samples in Semipalatinsk, Republic of Kazakhstan, and Nagasaki, Japan, separately. Before the study, participants with an apparent past or present history of atherosclerotic disease (including cerebral infarction or hemorrhage or ischemic heart disease), current pregnancy, psoriasis, seizures, use of methotrexate or phenytoin were excluded. Fifty healthy Kazakh adults (37 men and 13 women, age 20-65 years; KZH) were screened, and as controls, we picked up 60 sets of serum and plasma from 430 sample collections of healthy Japanese adults (42 men and 18 women, age 27-65 years; JPN). The average age was 39.4712.1 in KZN (48.6712.0 in men and 36.279.3 in women) and 42.979.5 in JPN (44.5711.9 in men and 44.278.4 in women), respectively. Before the study, written informed consent was obtained from all participants.
Fasting blood samples were obtained, and after the separation of serum and plasma from whole blood, they were kept at À201C until the assay. Serum folate was measured using the chemiluminescent immunoassay radioimmunoassay method. Plasma HCY was measured using high-performance liquid chromatography. Normal range of folate was 3.6-12.9 ng/ml, and of HCY were 6.3-8.9 nmol/ml in men and 5.1-11.7 nmol/ml in women, respectively. Both samples of KZH and JPN were measured by the same protocol during July-August 2005.
Values for folate and HCY are expressed as median (25th-75th percentile). Comparisons between the two groups were evaluated using the Mann-Whitney test. A probability value o0.05 was considered indicative of statistical significance.
Results and discussion
Serum levels of folate in KZH ranged from 1.1 to 8.4 ng/ml (1.1-5.8 ng/ml in men and 1.7-8.4 ng/ml in women, respectively), whereas folate levels in JPN ranged widely from 4.3 to 20.7 ng/ml (4.3-20.7 ng/ml in men and 5.9-18.5 ng/ml in women, respectively). Plasma HCY in KZH ranged from 7.5 to 30.6 nmol/ml (7.6-30.6 nmol/ml in men and 7.5-28.6 nmol/ml in female, respectively) and in JPN ranged from 4.3 to 12.5 nmol/ml (4.3-12.5 nmol/ml in male and 4.9-11.4 nmol/ml in female, respectively). Serum levels of folate were significantly lower in KZH than JPN (2.7 ng/ml (2.3-3.3 ng/ml) vs 9.1 ng/ml (7.8-12.2 ng/ml), Po0.01; Figure 1a ). Fifty of 61 (82.0%) subjects showed low folate concentrations (o3.6 ng/ml) in KZH; no low folate concentrations were observed in JPN. In contrast, plasma levels of HCY were significantly higher in KZH than JPN (10.9 nmol/ ml (9.2-14.0 nmol/ml) vs 7.5 nmol/ml (6.6-9.0 nmol/ml), Po0.01; Figure 1b) .
As far as we know, this is the first report of a 'folate deficiency area' in the world. As we previously reported that iodine is appropriately supplemented in this area (Hamada et al., 2003) , and the prevalence of iron deficiency was quite small in our current study (data not shown), it is suggested that folate deficiency is not associated with 'malnutrition', but with the food style. In Kazakhstan, about 60% of the population is Kazakh, 30% is Russian and the rest is of other ethnic groups. Especially in KZH, the main food is meat, such as beef and mutton, and the intake of vegetables tends to be deficient, especially in rural areas, owing to their insufficient distribution. Our current results strongly suggest that this situation caused folate deficiency in the normal population of Kazakh. Furthermore, we observed hyperhomocysteinemia in KZH compared with JPN. Besides folate Kazakhstan: a folate-deficient area A Akilzhanova et al concentration, HCY concentration is also affected by lifestyle factors, such as smoking and coffee consumption (positive) and drinking alcohol (negative) (de Bree et al., 2001) . Additionally, it has been reported that male gender is associated with a higher HCY concentration (Lussier-Cocan et al., 1996) . However, in this study, folate deficiency is probably the main cause of the observed hyperhomocysteinemia. It is well known that hyperhomocysteinemia is a risk factor for congenital defects, such as spina bifida and Down syndrome, as well as for cardiovascular diseases linked to atherosclerosis. Furthermore, folate deficiency itself is accompanied by a reduction in the proliferative capacity of highly mitotic neural tube or neural crest cells, which may result in the risk factor of spina bifida and other neural defects (Antony and Hansen, 2000) . In this study, we collected blood samples in Semipalatinsk, located in the eastern part of the Republic of Kazakhstan. This region includes the Semipalatinsk Nuclear Testing Site (SNTS), where a total of 459 nuclear explosions were officially conducted by the former Union of Soviet Socialist Republics from 1949 to 1989 (Yamamoto et al., 1996) . Among the population residing near the SNTS, serious concerns still exist about the genetic effects of radiation exposure, such as congenital anomalies. Although a careful evaluation of the causal relationship between radiation exposure and the incidence of congenital anomalies is essentially needed, other risk factors that may contribute to such abnormalities should be also clarified.
In conclusion, our current results demonstrated the first evidence that folate deficiency may exist in this geographic area. Besides clarification of genotype-phenotype relationship of folate metabolism, such as a C to T substitution at 677 (C677T) in the methylenetetrahydrofolate reductase gene and HCY concentration, further evaluation of the nutritional conditions and future appropriate nutritional intervention policy are desired for health promotion in this area.
